e influence of global change on vegetation cover and processes has drawn increasing attention in the past few decades. In this study, we used remotely sensed rainfall and land surface temperature to investigate the spatiotemporal pattern and trend in vegetation condition using NDVI as proxy from 2001 to 2017 in a humid and dry tropical region. We also determined the partial correlation coefficient of temperature and rainfall with NDVI and the response of NDVI to changes in landcover categories due to human activities. We found that the mean annual maximum NDVI was 0.42, decreasing at a rate of 0.06 per decade. About 27.4% of the area was found to have experienced a significant negative trend in vegetation cover, while only 0.34% exhibited significant increasing vegetation vigour. Land surface temperature increased at a mean rate of 0.75°C/decade, with higher rates in agriculture, savanna, settlements, woodlands, and riparian vegetation than in forest and mangrove vegetations. Precipitation also reduced at a mean rate of 58.69 mm/decade, with higher rates in agriculture savanna and riparian vegetation than in sahelian grasslands, mangrove, forest, and woodlands. NDVI was negatively correlated with temperature in savanna, settlements, degraded forest, and sahelian grasslands providing confirmation of ongoing land degradation. It was concluded that vegetation vigour will continue to decline under rainfall and increasing temperature conditions especially in dryer regions. e use of land surface temperature in this study is particularly valuable in highlighting areas where changes in NDVI occurred as a result of synergistic action between climate and human-induced landcover changes. Our findings underscore the importance of landuse policies that account for spatial variation in synergistic relationships between the nexus of climate and land conversion processes that influence vegetation cover change in different landcover types in tropical regions.
Introduction
Vegetation is considered as an important intermediate link in the earth's atmosphere and hydrosphere, and its dynamics plays a crucial role in maintaining the functioning of the earth's diverse ecosystems and their services provision [1, 2] . Vegetation also exerts significant influence on water balance and on the regulation of carbon cycle [3, 4] . However, a growing number of studies have shown that vegetation growth has been strongly influenced by global change in recent decades [4, 5] . Climate variability and landuse change have been recognized as two important factors influencing vegetation dynamics under global change [4] . While landuse changes are more or less linked to changes in the hydrological processes and biodiversity loss, climate variability, especially precipitation and temperature, is more closely associated with changes in phenology, respiration, and ecological balance [1] [2] [3] [4] . In recent decades, satellite remote sensing which depends primarily on reflected or emitted electromagnetic signals from specific targets on the earth's surface has emerged as an important tool for vegetation assessment and monitoring owing to its ability to provide spatially continuous observations and environmental proxies across geographical boundaries and over wide areas [6] .
Vegetation indices and other biophysical variables derived from remote sensing therefore have created enhanced opportunities for monitoring vegetation dynamics and land degradation at multiple scales and across geographical boundaries over wide areas [6, 7] . e remotely sensed Normalized Difference Vegetation Index (NDVI), which is generally used as a proxy for terrestrial vegetation productivity-allowing for continuous and long-term monitoring of information on the relationship between vegetation and climate-is now one of the most widely used indicators in studies involving vegetation dynamics and ecosystem health [6] [7] [8] . A large number of studies have been carried out to assess the vegetation patterns around the world based on NDVI time series data [7] [8] [9] [10] [11] [12] [13] [14] . Many scholars have explored the relationship between NDVI and climate at varying scales; however, our understanding of these processes and interactions is still limited in many areas [14, 15] . Results from previous studies have suggested that the major climatic factors impacting on NDVI response vary by region, vegetation structure and composition, and research methodologies employed [12, 16] . In the high latitudes of the Northern Hemisphere and western Europe, temperature was found to be the main limiting factor for vegetation growth, whereas in central Asia, South America, and South Africa, decreasing rainfall and increasing temperature have been linked with reducing vegetation vigour [17] . In the African continent, quantitative analysis of NDVI anomalies over Africa in [18, 19] showed significant decrease in biomass production in the southern, eastern, and western parts of Africa, while the central part witnessed increased vegetation activities for different time periods between the years 1981 and 1999. In West Africa, which is characterized mostly by sahelian vegetation with a typical high rate of vegetation dynamics and erratic climate regimes, it is even more difficult to reach a consensus among scholars. Many previous studies in the region have reported a greening situation with positive vegetation development, whereas others indicate no trend or browning since the 1990s [14, [20] [21] [22] [23] [24] .
Many studies have highlighted differences in NDVI changes [15] [16] [17] [18] and their response to climatic factors among different types of landcovers in the broader region. However, few studies have focused on vegetation response to climate and landuse change in Nigeria, which is the continent's most populous country with a high growth rate. e country is located in a region with clearly distinctive characteristics in vegetation types and climatic zones and is bounded between the semiarid zone to the north, south of the Sahara Desert, and the humid tropic zone in the south by the Atlantic Ocean. Analysis of vegetation anomalies within an 18-year period in [18] shows the existence of positive and negative anomalies over various regions across Nigeria, highlighting the Sudan and Sahel savannah as having stronger variations. Other studies have attributed the long-term rainfall variability, which also accounts for vegetation variability to large-scale patterns of atmospheric circulation such as intertropical discontinuity climate mechanism, soil, and anthropogenic factors including landuse change [25, 26] . However, there is still no satisfactory explanation for vegetation response to climate and landuse drivers in this region. Although the importance of anthropogenic landcover change as a driver of ecological impacts is widely recognized [27] [28] [29] [30] [31] in many regional and global studies of NDVI trend. However, most studies found in this region [14, 29, 30] using coarse resolution images (1 km) from the Advanced Very High-Resolution Radiometer (AVHRR) have concentrated more on climate drivers without explicitly accounting for the contribution of landcover change. erefore, it is important to conduct subregional scale study in Nigeria in order to gain insight into how vegetation responds to the combined impact of climate and landuse change. is is important for making well informed choices on management regimes that can ensure the sustainability of critical ecosystem services and agricultural productivity. is study therefore has two objectives. First, we explored the response of NDVI to rainfall and temperature in the study area by fitting long-term trend of remotely sensed NDVI to a regression model. Second, we investigated the combined impact of climate and landuse change on vegetation dynamics in the study area from 2001 to 2017.
Data and Methods

Description of Study Area. Nigeria is a country in West
Africa where agriculture (rainfed farming and pastoralism) is the main livelihood that closely connects people to their environment. e country is located in the middle latitudes in the Gulf of Guinea within the equatorial belt, as shown in Figure 1 . e climate is characterized by extreme humid weather condition in the forest of the southern region and extreme dry conditions in the savannah and grassland region of the north. e country is bounded in the south by over 850 km long active coastline and in the north by a corresponding length of the Sahara Desert making it susceptible to coastline erosion to the south as well as desertification and drought to the north [32] . Global warming and rapid population growth also act as catalysts, exacerbating the impact of these two destructive natural forces. e pastoralists, farmers, and peasants living in villages are oftentimes heavily dependent on rainfall. Climatic calamity has had tremendous socioeconomic impacts on the areas rich in agricultural production, mounting increasing pressure on available resources despite increasing rainfall variability [33] . e years 1982-1983 and 1991-1992 have been termed especially as a period of nationwide drought conditions in the last century [18] . e dramatic rise in human population in this region in the past three decades implies a much greater pressure on forest and savanna conversion to cropland and urban use impacting negatively on vegetation, microclimate, and biodiversity in the region [34] [35] [36] .
Data
Description of Data Used in the Study
(1) NDVI Data. ese data from 2001 to 2017 were obtained from MODIS MYD13A1.005 vegetation indices. e Global MYD13A1 data are made available every 16 days at 500meter spatial resolution as a gridded level-3 product in the sinusoidal projection. We downloaded the 16-day composite product (500m resolution) of NASA LP DAAC from Google Earth engine (GEE). Blue, red, and near-infrared reflectances, centered at 469-nanometers, 645-nanometers, and 858-nanometers, respectively, are used to estimate the 2 Advances in Meteorology MODIS daily vegetation indices [37] [38] [39] . To determine the spatiotemporal patterns of precipitation-NDVI relationships, the mean monthly and annual NDVI composites over the whole study period were also generated. e maximum value compositing (MVC) procedure, as described in [40] , was used to merge NDVI values into monthly and yearly aggregates. e MVC which is based on the maximum value of NDVI pixels at 250 m resolution and 10-day intervals was computed from atmospherically corrected and cloud-free gridded surface reflectance values standardized to nadir views [37] . Each grid cell of the 10-day NDVI composites is made up of 16 bytes, red, near-Infrared (NIR) and the maximum NDVI values, surface reflectances, relative azimuth, sensor, and solar zenith angles, and other quality control variables. e MVC method is widely recognized as a reliable method for monitoring global photosynthetic activity of vegetation and crops and phenological changes, and it has been used in many studies for biophysical interpretations and for the composition of vegetation indices to monthly (30-day) and annual intervals [41] [42] [43] . We excluded pixels with NDVI values that are less than 0.1 from the analysis using the method in [44] to minimize the effect of bare soil and other nonvegetated surfaces on the NDVI trends.
(2) Rainfall. Annual mean precipitation data were obtained from the Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS) for a period of 2000-2018 on GEE platform [45] . e CHIRPS dataset provides on a global basis (5 day) precipitation totals at (0.05°) which is approximately about 4.8 km resolution from 1980 to the present. CHIRPS also incorporates satellite imagery with in situ station data to create gridded rainfall time series for trend analysis and seasonal drought monitoring especially in areas with limited measurements, such as in Africa [45] . e annual integrated mean rainfall values were also computed as 12-month averages and then subset to the study area boundary before they were stacked into one image using the same procedure as with the NDVI.
(3) Day Land Surface Temperature Data (MOD11A2.006).
ese data were obtained from the MODIS Terra Land Surface Temperature and Emissivity 8-Day Global 1 km. e (MOD11A2.006) product of NASA LP DAAC for the period between 2001 and 2017 was also downloaded from GEE platform. e MOD11A2 V6 product provides an average 8 day and night land surface temperatures in a 1200 × 1200kilometer grid [37] .
(4) Landcover. Dynamic landcover classification for the years 1975, 2000, and 2013 were obtained from [34, 35] . e landcover maps were generated from Landsat images using the visual interpretation method and additional postprocessing that incorporates prior knowledge and ancillary information to further refine specific classes [34, 35] . Land cover in the region mainly comprises agriculture (42.80%), grassland (31.20%), forest (7.99%), and waterbodies (3.63%). Advances in Meteorology 3
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Calculation of NDVI Trends.
To investigate the linear relationship between NDVI and time, and between NDVI and temperature or rainfall, we fitted linear trends in NDVI time series from 2001 to 2017 with the raster package in R programming software [46, 47] using the ordinary least squares regression method which is presented in the general format as follows:
where α is the intercept, β is the slope of variable x, and is the random error. In our model, y is the dependent variable representing NDVI and x is the independent variable representing any of time, rainfall, and temperature. e coefficient of determination R 2 measures the strength of the relationship between the dependent and the independent variable(s). In the relationship between NDVI and time for instance, the coefficient of determination also indicates the strength of interannual variation in NDVI during the study period.
To investigate the yearly temperature and precipitation, linear trends were also examined on a per pixel basis from 2001 to 2017. For each grid cell, we computed the NDVI, temperature, and precipitation trends separately, as the slope obtained from linear regression, using their stacked raster values. Here, the single regression coefficients indicate the direct response of NDVI or temperature or precipitation to unit change in time. e calculation is as follows:
where n is the number of years under study, while NDVI i is the maximum NDVI in the ith year. A slope value greater than zero indicates an increasing NDVI over the total number of years under study. When the slope value is however less than 0, this suggests that the trend is reducing. For the statistical significance testing, the F-test was applied at p < 0.05 level in this study.
Correlation Analysis Model.
We also conducted correlation to investigate the relationships between NDVI and single climate driver at a time over the past 30 years. Before the correlation was carried out, the stacked values of NDVI, temperature, and precipitation were rescaled to those of the lowest spatial resolution among the independent variables. We assumed that there is a high possibility that NDVI variation was influenced by the correlated climatic factor despite the discrepancy between causation and correlation, as reported by previous studies [5, 30] . e correlation coefficient of temperature and rainfall with NDVI was determined in this study using the correlation equation described as follows:
where r xy is the correlation coefficient of the linear relationship between the dependent variable x and independent variable y, x i is the value of the independent variable, x̅ is the mean of the values of the independent variable x, and y i is the values of the dependent variable y, while y̅ is the mean of the values of the dependent variable y.
Results and Discussion
3.1. Spatial Trend of NDVI and Climate Drivers. e spatial distribution of the mean annual NDVI in Nigeria gradually decreased from south to north during the period of 2001-2017, suggesting high spatial variability in its distribution pattern, as shown in Figure 2 (a). e mean annual NDVI is 0.41, ranging from 0.10 to 0.79, with a standard deviation of 0.12 for the whole country. Higher NDVI was observed in southwestern and southeastern parts of the country, whereas relatively lower NDVI was observed in northwestern and northeastern parts. e highest NDVI values were found along hilly slopes and forested regions of the Yoruba highlands in the west and in the southeastern parts, especially along the borders of the Cameroon highlands ( Figures 1 and 3(b) ). e sparse deciduous broad-leaved forests, including African walnut (Lovoa), Mansonia, mahoganies, and a host of other species that are increasingly under threat, are the most common vegetation types in the forest zone. e lowest NDVI values were also found mostly along the northern borders in the semiarid Sahel and the arid Sudan savannas where the dominant vegetation are characterized as shrub, semiarid grasses, and herbs; the main plant communities in the Sahel include the Combretum spp. and acacias. e Sudan savanna is also made up of similar species to those found in the Sahel, but with a greater frequency of Tamarindus indica, Schelocarya birrea, and Acacia albida [24, 25] .
Spatiotemporal Variation of NDVI in the Study Area.
e mean annual NDVI was found to be decreasing at a rate of 0.06 per decade (Figure 2(b) ). Over the entire region, NDVI exhibited positive trend in about 5.44% of total vegetated areas, out of which only about 0.34% was significant at p < 0.05. Similarly, NDVI exhibited negative trend in about 58% of vegetated areas, out of which only 27.4% was significant. However, the areas accounting for significantly highly negative trend is only 2.42%, which pales in comparison with areas showing slightly significant negative trends constituting about 24.98% of the whole vegetated region, as shown in Figure 4 e areas where the NDVI showed significant increasing trends spatially from 2001 to 2017 were mainly scattered in small patches of varying sizes along the southern boundary of the far northern states from Sokoto to Yobe and in the southern portions of Kogi and Nasarawa states and along the riparian stretches of River Benue from north to south (Figures 2(c), and 4(b)). On the other hand, those places where the NDVI indicated significantly reducing trends were found mostly along the edges of mangrove and swamp forests dominated south-south, including Delta, Bayelsa, and Rivers states. However, the most significant decreasing trends were concentrated in the savanna dominated region of the middle belt states, including Niger, FCT, Kwara, Kogi, Nasarawa, and Taraba states. e southwest states of Oyo, Osun, Ekiti, Ogun, and Lagos states also show moderately decreasing trends. Central parts of Zamfara, Gombe, Kaduna, Bauchi, and Adamawa states located in the Sahel region which has little vegetation also show signs of moderately decreasing trends (Figures 2(b) and 2(c)).
It is evident from the values of coefficient of determination expressed by R 2 in that there was a clear dependence of the interannual variability in NDVI on the land cover types (Figures 2(d) and 4(a)). Interannual variability in NDVI is higher in savanna, agriculture, and sahelian grasslands, while it is lowest in forest, mangrove, and woodlands. ere may be many reasons that could account for the observed spatiotemporal variation in interannual variability of NDVI, relating, for example, to climate variability, various resilience for vegetation types, and human influence [48, 49] . Forest vegetation and degraded forest with well-developed root systems reveal lower interannual variability in trend from 2001 to 2017 expressed through R [2] . However, savannas, especially the Sahel vegetation with much shallower root systems, on the other hand, reveal a slightly higher interannual variations in spatiotemporal NDVI trends as expressed through their lower R 2 values (Figures 3(c) and 3(d)).
Countrywide, the average NDVI increased sharply from 2000 to 2003, after which it decreased gradually from 2004 to 2017, except with slight fluctuations when the NDVI time series was divided into two time periods. e highest annual NDVI was however recorded in the year 2003 for the entire study period. Figure 4(a) shows the interannual variation of mean NDVI and time series of NDVI for five sites from the main landcover types. is result is consistent with studies that reported a slight decrease in NDVI trend associated with reducing rainfall in the Sahel [21] [22] [23] [24] . In the small areas where slight increase in vegetation vigour was observed, the gradual recovery of the vegetation could be attributed to spillover effects of regreening of agricultural lands in 
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Advances in Meteorology neighboring southern Niger by farmers who have adopted agroforestry practices that increase and maintain on-farm tree cover [34] . In more recent years, forced migration due the increased violent clashes between various groups of farmers, pastoralists, and religious extremists in northeastern Nigeria might have also been responsible for partial vegetation recovery in some areas in the northeastern part [49] [50] [51] .
Relationship between NDVI and Climatic Factors
Annual Correlations between the NDVI and
Temperature. e spatial distribution of the mean annual temperature from 2001 to 2017 with an average of 31.55°C for the entire region exhibited an upward trend at the rate of 0.75 per decade (p < 0.05) ( Figure 5(a) ). Temperature gradually increased from the south to north. e lowest temperature was recorded in the south-south region, with an annual mean of about 19°C, while the highest temperature was recorded in the northeast with an annual mean of more than 40°C. Furthermore, the land surface temperature time series increased linearly during the entire period with moderate fluctuations, as shown in Figure 6 (a). e highest annual temperature was recorded in the year 2016 for the entire study period. Temperature exhibited positive trend in about 47.83% of total vegetated areas, out of which only about 9.3% was significant, as shown in Figure 6 On an interannual basis, the mean partial correlation coefficient of the NDVI with temperature for the entire region was − 0.61 with 0.3 standard deviation (Figure 7(a) ). e area in percentage of the region where the NDVI exhibited a negative correlation with temperature was 59.1%. e area in percentage of the region where the NDVI showed a positive correlation with temperature was 3.54%. ese positive areas were mainly distributed as scattered patches from west to east along the northern borders and in south-south mangrove regions close to the coast. e remaining area estimated at 37.36% however does not suggest either positive or negative correlations. We found that land surface temperature increased more in agricultural land, savanna, riparian vegetation, settlements, and woodlands than in degraded forest, forest, and mangrove vegetations (Figures 8(c) and 8(d) ). NDVI was negatively correlated with temperature in six landcover types including savanna, settlements, degraded forest, and sahelian grasslands providing confirmation of increases in the rate of deforestation. However, correlation analysis revealed positive but weak association between temperature and NDVI in mangrove, forest, and woodland vegetation where the mean temperature is about 19°C, suggesting that moderate ranges in temperature can enhance vegetation growth in the humid region [52] [53] [54] .
Day land surface temperature has been shown not only to be sensitive to interannual variability in climate but also to density of canopy across different vegetation types and topography and therefore helpful in classifying and detecting changes in land cover types and for the rapid identification of deforestation hot spots [55, 56] . Land surface temperature is regulated by the amount of shortwave radiation absorbed by the surface (i.e., surface albedo), surface conductance, the amount of water available for evaporative cooling, wind speed, and surface roughness which regulate the strength of both sensible and latent heat fluxes. Water availability, therefore, tends to play a major role in correlation between NDVI and temperature. Areas of tree cover, which often have deeper roots and thus may access greater water resources, tend to have higher rates of evapotranspiration (and thus lower temperatures) especially during the dry season than grasses and other herbaceous cover that may senesce. Studies have found that that the diurnal temperature range can increase by over 7°C when forests are converted to bare ground [55] [56] [57] . Increasing temperature tends to accelerate the evaporation process, which can eventually result in water scarcity and prevention of vegetation growth [48, 49] .
Land degradation resulting from explosive cropland expansion into remaining natural landscapes directly affects the livelihoods of millions and erodes ecosystem services that fulfill basic needs of life [52] [53] [54] 58] . In the short grass savanna, for instance, there has been much loss of shrubs and tree cover following drought periods and from cutting trees for firewood [36] . e rapid conversion of land for agriculture and plantation can alter discharge from headwaters and temperature regimes leading to further decline or loss of important functional species in some critical ecosystems such as riparian vegetation, streams, and lakes, with implications for drought and flood further downstream [36, 59, 60] . Alternatively, the ecosystem functions of present species might be replaced by other species with less functional redundancy or resilience to environmental perturbations [59, 60] . Flood regulation and control ecosystem services from riparian vegetation and gallery forest may come under attack from invasions by nonnative species, which along with the physical and chemical pressures may affect species richness and functional redundancy of important functional species with consequent implications for the wider biodiversity within the watershed.
Annual Correlations between the NDVI and Precipitation.
e mean annual precipitation from 1998 to 2012 was 1200.63 mm, and it showed an overall reducing trend at the rate of 58.69 mm per decade. While precipitation gradually exhibited a reducing trend from the south to north, the lowest precipitation was recorded in the northwest and northeast with an annual average of about 132 mm ( Figure 5(b) ). On the other hand, highest precipitation values were found in the south-south region, with an annual mean of more than 4200 mm. e average precipitation declined sharply in 2004 and increased again from 2004 to 2012, after which it decreased again with significant fluctuations during this period ( Figure 5(d) ). e highest annual precipitation occurred in 2012 for the entire study period which also coincided with extensive nationwide flooding Advances in Meteorology and spread of epidemics in some cases [61] [62] [63] . Generally, rainfall exhibited positive trend in about 18.36% of total vegetated areas, out of which only about 0.47% was significant ( Figures 6(b) and 6(d) ). Similarly, rainfall exhibited negative change in about 46.6% of vegetated areas, out of which only 6.22% was significant. Although areas without any changes in rainfall constitute about 35.04%, the areas with no significant changes in rainfall are the most widespread, representing about 93.31% of the study area. Spatially, the areas where precipitation exhibited significant increasing trends from 2001 to 2017 were located around the southeastern edge of the Jos plateau highlands, the northeastern states, and down to the southwestern regions. Areas where precipitation exhibited significant decreasing trends were primarily located along the northeast, the southeast, and the south-south regions. e mean partial correlation coefficient between NDVI and precipitation for the vegetated areas was 0.25, as shown in Figure 7 (b). e area in percentage of the region where the NDVI showed a positive correlation with precipitation was 53.46% (<0.05), and the area in percentage of the region where the NDVI showed a negative correlation with precipitation was 9.26%. NDVI was found to be positively correlated with rainfall in all land covers. However, it was more positively correlated with precipitation in agricultural dominated landscapes, savanna, riparian vegetation, and sahelian grasslands than in mangrove and woodland vegetations (Figures 8(b), and 8(d) ).
is finding is consistent with studies that show that in arid and semiarid areas, moisture availability is a primary modulator of vegetation growth [48, 51, 53, 54, 63] .
Although, rainfall is positively correlated with NDVI, however, the decreasing trend in rainfall is not a good one for vegetation growth and could be one of the major reasons for the redussscing annual NDVI trends. e result of this study conflicts with studies [14, 20, 21] that reported increasing NDVI trend due to increasing rainfall since the 1990s. Our findings, however, agrees with studies that [18, 19] reported slight but significant decline in vegetation vigour. In areas where rainfall is positively correlated with NDVI and both rainfall and NDVI trend declined overtime, this kind of relationship suggests a climate-induced desertification in arid areas [63, 64, 65] . Long-term precipitation analysis for the area revealed decreasing trend in annual rainfall amounts, and the 1968 to 2008 mean rainfall was reported to have shifted downwards by 8.8 percent from the long-term mean [52, 54] . Previous studies reported that the latter part of the last century experienced low rainfall and drought conditions and the last major drought that plagued the region towards the end of the last century occurred during the years 1982-1983 and 1991-1992, respectively [18, 52, 54] . In addition, most of the droughts that were reported in this region have been linked with a late start of the rainy season and early cessation of the rains, resulting in drastic reductions of the length of the rainy season [52] [53] [54] . Advances in Meteorology remaining pockets of natural landscapes [32] . Desertification, soil fertility loss, insufficient quantities and quality of water, and enormous erosion challenges have resulted in the overuse and mismanagement of the country's resources [66] [67] [68] . In areas where NDVI is positively correlated with rainfall, rainfall has not reduced significantly but long-term trend of NDVI is reducing while temperature is increasing is an inverse relationship suggesting human Advances in Meteorology involvement, for example, overgrazing if it is a grassland, deforestation, and urbanization due to increasing population density [67, 69, 70] . e threat is most severe in the southeast and the north central zones. e Niger Delta region, which holds the largest remaining tract of mangrove vegetation in Africa and is the third largest in the world, is under alarming threat [32] . Much of the western end of the coastline has been degraded due to human influence, and many of the barrier islands on the outer reaches of the Niger Delta are being destroyed by erosion. In the central portion of the country, the high plateau region around Jos has been denuded for decades. e widespread mining activities have also accelerated the rate of sheet and gully erosion formation in the Jos Plateau region [32, [66] [67] [68] .
Impact of Anthropogenic Activities on Vegetation Con
Several studies have examined the effects of human activities on vegetation changes in Nigeria [25, 32, 57, 61] . For example, a countrywide study carried out in [71, 72] on comparative land use reported that an additional 9% of the entire country (84,073 km 2 ) had come under agricultural production over an 18-year period from 1978 to 1995. To show the impact of anthropogenic activities on NDVI, we investigated the dynamics of landuse change from 2001 to 2017 in the study area. e major landuse types in the study area were savanna, agriculture, sahelian grassland, woodland, swamp forest, and degraded forest, which combined to account for 76.44%, 78.23%, and 78.91% of the total area of the region in 2000 and 2017, respectively ( Figure 9 ). While agricultural land increased significantly from 20% to more than 40% in 38 years from 1975 to 2013 to make it the largest land cover type (Figure 9 ), forest and savanna areas decreased significantly with loss rates increasing to over 2 percent per year during the 2000-2013 period [69] . Transition from savanna to agriculture was the largest landcover change in terms of area; some changes in the smaller land cover categories also stand out as prominent. High rates of change were recorded for plantation, open mines, irrigated agriculture, and settlements, with gains accelerating from 1 to 2 percent per year between 1975 and 2000 to 2-4 percent per year in the 2000-2013 period [69] .
From 2001 to 2017, the total areas of agricultural land increased, while savanna and forest declined significantly and the annual maximum NDVI exhibited a reducing trend for these two landuse types indicating that human activities due to massive land conversion resulted in land degradation (Figure 9 ). Apart from the reducing rainfall trend and the increasing temperature, this negative trend can also be explained by poor soil and water conservation measures and intensive cultivation on marginal lands which led to reduction in grain yields and biomass production, thus reducing the overall NDVI in these areas. is is consistent with [51] , who reported that agricultural food production has been on steady decline between 1980 and 2003 in Nigeria. is situation is made worse by poverty and rapid population growth as poor people rely on fuelwood conversion and grazing to further impoverish the marginal lands leading to a vicious cycle of more severe soil erosion, desertification, and poor yields, especially in the drier regions [51, 53] . Hence, the result of this study is also in support with the well-known hypothesis that Sahelian drought is anthropogenically induced [25, 26] . Wider implications of this include the possibility for environmental degradation owing to soil fertility loss, insufficient quantities and quality of water, enormous erosion challenges, and desertification due to lack of proper management. Studies have shown that increased water demand and water consumption due to agricultural landuse conversion could impact negatively hydrological processes and ecosystem health [72] [73] [74] [75] [76] [77] .
Another major important impact of agricultural expansion is increasing runoff, which constitutes to atmospheric water demand since it does not allow water to percolate into underground sources, leading to a depletion of underground water resources and increased vegetation stress, eventually resulting in drought conditions. e rate of NDVI decline in 2013 which was higher than the preceding years could therefore be largely attributed to massive landcover change which occurred during this period ( Figure 10 ). It can be concluded that increasing landuse conversion to agriculture and settlements will work in a synergistic manner with climate to increase the rate of warming and drying in the years to come. It will also exert a significance influence on the sustainability of ecosystem services with considerable change on the diversity, composition, structure, and development of native and functional plant communities in this region.
Conclusions
In this study, we analyzed the spatial and temporal responses of vegetation to climate and landuse factors from 2001 to [34, 35] ).
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2017 in Nigeria. We also investigated the potential impacts of anthropogenic landcover change on vegetation change during this period by fitting a stack of remote sensing-based climate and landuse covariates to a regression model using the R software package. e annual maximum NDVI was 0.42, decreasing at a rate of 0.06 per decade. About 27.4% of the area was found to have experienced a significant negative trend in vegetation cover, while only 0.34% exhibited significant increasing vegetation vigour. Land surface temperature increased at a rate of 0.75°C/decade with higher rates in agriculture, savanna, settlements, woodlands, and riparian vegetation than in forest and mangrove vegetations. Precipitation also reduced at a rate of 58.69 mm/decade with higher rates in agriculture savanna, riparian vegetation, and sahelian grasslands than in mangrove, forest, and woodland vegetations. NDVI was negatively correlated to temperature in six landcover types including savanna, settlements, degraded forest, and sahelian grasslands providing confirmation that increases in the rate of deforestation resulted in land degradation in these landcover types. Conversely, correlation analysis revealed positive but weak association between NDVI and temperature in mangrove, forest, and woodland vegetations, suggesting that moderate temperature ranges can enhance vegetation growth in the humid regions.
Although climate has been recognized as the principal factor affecting vegetation vigour in this region, the midpart of the last century when rainfall amounts was reported to have shifted by about 8.8% below the long-term mean. We, however, found that climate has acted synergistically with human-induced landcover change to affect vegetation activities in more than half of the entire area of study. Deforestation, poor soil and water conservation measures, overgrazing, and fire disturbances are also important driving factors contributing to vegetation change and land degradation in the region. Dynamics of landuse change in the region over a period of over 38 years revealed that transition from savanna to agriculture was the largest landcover change in terms of area, increasing significantly from 20% to more than 40% in 38 years while forest and savanna areas decreased significantly with loss rates increasing to over 2 percent per year during the 2000-2013 period. e overall warming and drying trends experienced by the country in recent decades are therefore an indicator of poor vegetation activities as evidenced by the reducing NDVI trend and are not a good sign for hydrological processes and overall ecosystem health. On this basis, we project that vegetation vigour will reduce under reducing rainfall and increasing temperature conditions especially in dryer regions. Wider implications of this include the possibility for environmental degradation due to soil fertility loss, insufficient quantities and quality of water, enormous erosion challenges, and desertification. We therefore concluded that increasing landuse conversion is not only expected to increase the rate of warming and drying in years to come but will also exert a significant influence on the sustainability of ecosystem services with considerable change on the diversity, composition, structure, and development of native and functional plant communities. e use of land surface temperature in this study is particularly valuable in highlighting areas where changes in NDVI occurred as a result of synergistic action between climate and human-induced landcover changes which constitute more than half of the study area. Our results, therefore, underscores the importance of implementing landuse policies that account for spatial variation in synergistic relationships between the nexus of climate and land conversion processes that influence vegetation cover change in tropical humid and semiarid environments. However, the inclusion of other biophysical factors such as soil characteristics and terrain properties into the analytical framework could improve the accuracy and usefulness of the results for better ecosystem management.
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